A rapid and simple method to detect hydantoinase-producing microorganisms was developed using a selective agar plate containing 1% hydantoin and 0.005% Phenol Red in the typical Luria-Bertani medium. Conversion of hydantoin to hydantoic acid decreases the pH and the agar turns bright yellow. The method was used to isolate hydantoinase-producing E. coli transformants in the cloning of hydantoinase gene and screening of the hydantoinaseproducing microorganisms from soils. Detection of hydantoinase activity after PAGE also used the same method.
Introduction
Hydantoinase catalyses the stereospecific hydrolysis of dihydropyrimidine and structurally related 5Ј-mono substituted hydantoins (Syldatk et al., 1990) . As a property of the stereo-specific hydrolysis of hydantoin derivatives, D-stereospecific hydantoinase has attracted much attention, and this enzyme is currently employed as an industrial biocatalyst for the production of optically pure D-amino acids (Yamada et al., 1988) .
For the isolation of D-hydantoinase with greater biotechnological potential or cloning of the gene encoding the enzyme in a host microorganism, a rapid and reliable method to detect the hydantoinaseproducing microorganisms is a prerequisite. But, few studies concerning the detection method have been reported. Even though two methods of Morin et al. (1986) and Groß et al. (1987) were specific for the hydantoinase activity, these seems not to give a good resolution to distinguish the positive colony possessing a different substrate specificity. For the cloning of the D-hydantoinase gene into E. coli, Watabe et al. (1992) and Mukohara et al. (1994) attempted to detect positive colony by using a selective plate containing hydantoin derivative as a sole nitrogen source. However, application of this method is limited to the microorganisms possessing N-carbamyl L-amino acid amidohydrolase in addition to the stereospecific L-hydantoinase.
We have previously isolated and characterized a thermostable D-hydantoinase from Bacillus thermocatenulatus GH2 (Park et al., 1997) and have attempted to clone the gene encoding the enzyme into E. coli. Here we report a simple and generally applicable method for the isolation of hydantoinase-producing microorganisms on solid plate. In addition, this method was also applied to the detection of the protein band showing hydantoinase activity under non-denaturing conditions.
Materials and methods

DNA manipulation
Thermophilic Bacillus thermocatenulatus GH2 was used as a source of the D-hydantoinase gene which was cloned into E. coli DH5␣. E. coli strains were grown in L/B medium at 37°C. Ampicillin (50 g/ml) was added when needed. Total chromosomal DNA was extracted from B. thermocatenulatus GH2 by the method of Lewington et al. (1987) , and plasmids were prepared by the alkaline lysis method. Typical LB (1% tryptone, 0.5% yeast extract, 1% NaCl, 1.5% agar), YT (0.8% tryptone, 0.5% yeast extract, 0.25% NaCl, 1.5% agar), and NB (0.3% beef-extract, 0.5% peptone, 1.5% agar) media were prepared as described by Sambrook et al. (1989) .
Preparation of the crude extract
The two D-hydantoinase-producing microorganisms, Bacillus stearothermophilus SD1 (Lee et al., 1995) and Agrobacterium sp. , were also used as different enzyme sources. Each strain was cultivated in the medium of Lee et al. (1995) and Kim et al. (1995) , respectively. Cells were harvested by centrifugation at 6500 ϫ g and washed twice with 0.85% saline solution. The crude extract of enzyme solution was obtained 11111  2  3  4  5  6  7  8  9  10111  1  2  3  4  5  6  7  8  9  20111  1  2  3  4  5  6  7  8  9  30111  1  2  3  4  5  6  7  8  9  40111  1  2  3  4  5  6  7  8  9  50111  1  2  3111 by disruption of cultivated cells in 20 mM Tris/HCl buffer containing 1 mM Mn 2+ and the supernatant was used in the electrophoretic experiments without any further purification.
Native gel electrophoresis
For the native gel electrophoresis, samples were diluted with 0.2 volumes of a sample buffer containing 0.5 M Tris/HCl (pH 7.8) and 50% (w/v) glycerol. Electrophoresis was performed in a Mighty Small II kit (Hoefer Scientific, USA), according to the procedure of Davis (1965) . The acrylamide in the stacking and resolving gels was of 5 and 9%, respectively.
Analysis
The assay of the hydantoinase activity was performed by the method reported by Lee et al. (1995) . The protein concentration was determined by the method of Bradford (1976) using bovine serum albumin as a standard.
Results and discussion
Preparation of a selective plate A selective agar plate for the detection of hydantoinaseproducing microorganisms contained 1% hydantoin and 0.005% Phenol Red in the typical L/B medium. The pH of the selective plate was adjusted to 7.7, making the background of the plate red. The hydantoinaseproducing microorganisms convert hydantoin to hydantoic acid, lowering the pH, and a bright yellow color develops around the colonies. Phenol Red up to 0.01% did not inhibit the growth of E. coli and was moderately used at 0.005%.
As the detection method is based on the decrease of pH in the solid plate, the buffering capacity of the medium was mimimized to 25 mM KH 2 PO 4 /K 2 HPO 4 with the carbon source (typically glucose) at less than 0.3%. As a result, hydantoinase-producing microorganisms were readily detected on all media using this method.
Detection of the hydantoinase-producing microorganisms
The method developed in this work was applied to both the isolation of the hydantoinase-positive E. coli transformants in the cloning of the D-hydantoinase gene and screening of the hydantoinase-producing microorganisms from soils. For the cloning of hydantoinase gene, total chromosomal DNA was extracted from B. thermocatenulatus GH2, and partially digested with Sau3AI. The digested fragments were run on 0.8% agarose gel, and fragments with a size of 1 to 6-kb were separated by using GENE CLEAN II kit (Bio 101, Vista, CA).
The resulting DNA fragments were ligated with pBR328 previously digested with BamHI and transformed into E. coli. Fig. 1 shows the selective plate on which transformants were isolated. Colonies possessing the D-hydantoinase gene were clearly distinguished. D-Hydantoinase activity was subsequently confirmed to be present in the colonies.
Screening of the hydantoinase-producing microorganisms from soils was also carried out by using the same method. Soils sampled from different ecological nature were enriched aerobically in the L/B medium. Once grown in the enriched culture, an aliquot (20 l) of the resulting broth was spread on the selective plate. After being incubated for 12-15 h at 37°C, a bright yellow color was developed around the hydantoinase-producing colonies (data not shown). Isolated colonies were also found to show the hydantoinase activity. When the different hydantoin derivatives are used, this method seems to be effective in the screening of microorganisms which produce the hydantoinase with a different substrate specificity.
Detection of the hydantoinase on native gel electrophoresis For the determination of apparent molecular weight and simple purification of the hydantoinase, polyacrylamide gel electrophoresis under non-denaturing condition was attempted. In this case, precise assignment of protein band corresponding to the hydantoinase on the native gel is required. After gel electrophoresis of the crude extract under non-denaturing condition, performed at 25 mA for a total running time of about 2 h, 1% agarose gel containing 1% hydantoin and 0.005% Phenol Red in 20 mM Tris-HCl (pH 8.0) was overlaid on the polyacrylamide gel and incubated for 30 min at 50°C.
We tried to detect the hydantoinases from three microorganisms. The hydantoinase of B. stearothermophilus SD1 was found to be a homodimer with a molecular mass of 120 kDa (Lee et al., 1995) , whereas Agrobacterium sp. I-671 produced the D-hydantoinase which is reported to be a tetramer having a molecular mass of 265 kDa (Runser et al., 1993) . The D-hydantoinase from B. thermocatenulatus GH2 was a tetramer with a molecular mass of 250 kDa (Park et al., 1997) . As seen in Fig. 2 , the difference in the molecular mass among the enzymes was clearly shown.
Addition of SDS (0.05%) in electrophoretic gels and running buffer increased both the migration rate and resolution of the separated bands. The detection limit of the hydantoinase was tested, and detection of the developed color against background became difficult at the enzyme loading lower than 0.5 unit (data not shown).
Basically, development of a color on the selective agar plate is due to the production of acidic N-carbamyl compound from hydantoin derivative by the action of hydantoinase. Therefore, detection of functionally related amidohydrolases such as allantoinases and dihydroorotases would be possible because basic aspects for the production of the carbamyl compound are believed to be general regardless of their substrate specificity and stereoselectivity. 
